Motor neuron disease (MND) results in the selective degeneration of motor neurons in the cerebral cortex, brain stem and spinal cord. The most common form of MND is amyotrophic lateral sclerosis (ALS). MND is complex and many genetic systems may be involved in the pathogenesis of this disease. Pathological and animal studies implicate neurofilament involvement in MND. The heavy subunit (NEFH) tail domain contains a repeated motif. In humans, there are two common variants: the 45 motif repeats long allele (L) and 44 motif repeats short allele (S). Previous studies have shown that the NEFH tail may be involved in the pathogenesis of MND. To investigate whether the L/S genotypes of the NEFH gene are associated with MND, we studied the frequency of L and S alleles in sporadic MND patients and a control population from Moscow. We observed a difference in SS genotype frequency between the control population and sporadic MND patients from Moscow. It was established that the SS genotype is sufficiently higher in sporadic MND patients. Moreover, we determined that patients with the SS genotype have the highest value of loss of the total clinical score. In summary, we conclude that the NEFH gene is involved in the pathogenesis of sporadic MND. The SS genotype represents a risk factor for the development and progression of sporadic MND in the Moscow population.
Introduction
Motor neuron disease (MND) results in the selective degeneration of motor neurons of the cerebral cortex, brain stem and spinal cord. 1 The most common form of MND is amyotrophic lateral sclerosis (ALS). At present, the cause of MND remains unknown. In some cases, the disease is inherited, often as a dominant trait. Epidemiological studies in different populations show a 5 -10% incidence of familial MND. The clinical and pathological features of familial and sporadic MND are virtually identical. Mutations in CuZn-superoxide dismutase gene (CuZn-SOD) gene have been found in 20% of familial MND cases and a few per cent of apparently sporadic MND cases. 2, 3 However, MND is a complex disease and other genetic systems may be involved in the pathogenesis of this disease. Autopsy studies performed on MND sufferers have revealed aggregation and abnormal assembly of neurofilaments (NF) in the perikarya and proximal axon of the motor neurons. 4 There are three NF subunits of light, medium and heavy molecular weight: NEFL, NEFM and NEFH. NEFM and NEFH have a tail domain that contains a repeated motif, X -lysine -serine -proline -Ylysine, where X is a single amino acid and Y is one to three amino acids. In humans, there are two common variants of the NEFH tail, one with 45 motif repeats, called the long (L) allele, and another with 44 repeats, termed the short (S) allele. 5 Various deletions of the NEFH tail have been revealed in MND patients. All cases of deletions in the L allele were associated with the disease; however, no association between deletions in the S allele and MND has been reported. Another study of familial and sporadic MND revealed no deletions in the NEFH gene, but described point mutations in patients and control subjects. 6 patients had progressive bulbar palsy (21%). Patients were assessed by the Norris ALS Score 9 every 6 months.
The loss of total clinical score was calculated for the first year since onset. The control group included 50 randomly sampled individuals from Moscow. They were unrelated, neurologically normal and matched by age, sex and ethnicity. DNA was extracted from peripheral leukocytes by standard methods. 10 Primers and conditions for PCR amplification was described early. 11 One of the primers was labelled with [ 33 P]gATP before being used in the PCR reaction. Labelling reactions were performed in 20 ml buffer, containing 2 ml 10 Â kinase buffer, 50 pmol of appropriate primer, 50 mCi [ 33 P]gATP and 2.5 U T4
polynucleotide kinase (Sileks, Russia). The PCR product was electrophoresed on an 8% nondenaturing polyacrylamide gel containing 0.5 Â TBE buffer. After electrophoresis, the gel was autoradiographed overnight. Analysis of Ala9Val polymorphism of Mn-SOD gene, of M235T polymorphism of ANG gene and of Ins/Del polymorphism of ACE gene was carried out as described. 12 -14 Statistical analysis was performed using Statistica v. 6.0 software.
Results
The results of the NEFH genotyping are presented in Table 1 . It is necessary to note that we only identified L and S alleles, and did not reveal any deletions in the L and S alleles. As shown in the first two lines of Table 1 , the L alleles had a higher (63%) and S alleles had a lower (37%) frequency in the control group. In patients, the frequency of the L alleles was 49.2% and that of the S alleles was 50.8%. The comparative allele distributions carried out with the standard w 2 test revealed statistically significant divergences between the patients and controls (w 2 ¼ 4.27).
The last three lines of Table 1 On the other hand, the distribution of the alleles of the Ala9Val polymorphism in Mn-SOD gene (Table 2) , of the Ì235Ò polymorphism in ANG gene and of I\D polymorphism of ACE gene did not differ from the control group (findings are not adduced), which is indicative of the absence of population stratification. 
Discussion
The potential importance of NF is underscored by the observation that abnormal accumulation of NF occurs in familial MND patients with various mutations in CuZn-SOD. 15, 16 Moreover, transgenic mice with point mutations of the light NF rod, overexpression of human heavy NF or overexpression of mouse light NF all develop motor neuron pathology. Also, transgenic mice carrying CuZn-SOD mutants develop NF accumulation. 17, 18 In this study, we investigated whether the L and S genotypes of the NEFH gene are associated with MND. We found a difference in SS genotype frequency between the control population and patients with sporadic MND. The SS genotype was significantly higher in these patients. These data suggest that the S genotype of the NEFH gene is involved in the pathogenesis of sporadic MND in the patients from Moscow. Moreover, patients with the SS genotypes had the highest values of loss of the total clinical score. The observed divergences are not connected with the stratification of the compared cohorts, as we failed to reveal any differences in the spectra of the allelic variants of Mn-SOD gene (which is probably involved in MND pathogenesis), ANG gene and ACE gene (genes of two proteins of rennin -angiotensine system, which have not been reported to partake in MND pathogenesis). In general, the distribution of S\L polymorphism of NEFH gene in the random cohort from the Moscow population and in the random cohort from the Canadian population demonstrated quite a resemblance. 5 However, Al-Chalabi et al 6 analyzed the L/S genotypes of the NEFH gene in ALS patients from Scandinavia and UK and found no association. 6 Thus, the influence of the polymorphism on the risk of MND development might be specific to Slavonic background. To summarize, we conclude that the NEFH gene is involved in the pathogenesis of sporadic MND and that the SS genotype could be a risk factor for the development and progression of sporadic MND in the Russian population. Such an influence of heavy neurofilament subunit variants with different number of KSP repeats may occur due to peculiarities of phosphorylation of the L and the S isoforms of neurofilaments. That may in turn lead to disruption of neurofilament transport due to increased pausing in neurofilament movement, which may contribute to motoneuron death. 
